C
YTOLOGICAL examination of cerebrospinal fluid (CSF) has received increasing attention as an adjunct in the diagnosis of intracranial malignancy? 1 It has been suggested that such techniques as millipore filtration 7 and spontaneous and centrifuged sedimentation ~ increase the yield of such examinations. The use of tissue culture of CSF has also been described? ,4,1~
We report here our experience with CSF tissue culture as an adjunct to standard cytological techniques. The results suggest that it may be useful in increasing the number of cases in which malignancy is diagnosed. As techniques improve and experience increases, it may also help characterize the malignant potential of the tumor more accurately and perhaps guide therapy in certain cases.
Materials and Methods
From January, 1970, to June, 1977, 122 CSF specimens obtained from patients at the Massachusetts General Hospital were placed in tissue culture medium and examined for growth. These specimens normally reached our laboratory within 24 hours of their collection. For culture, 0.7 cc aliquots of human CSF were placed in 0.7 cc of F-10 nutrient medium supplemented by 10% fetal calf serum. These were incubated at 34 ~ C without added COs in three sterile Leighton tubes, each with a well fitting coverslip. After 3 days (occasionally after 1 or 7 days) the coverslips were removed, fixed with Zenker's fluid, stained with hematoxylin and Giemsa, and mounted in Canada balsam for microscopic examination. For millipore cytological examination at our hospital, cells were examined after being washed with saline under no applied pressure through a 5-/~ millipore filter. The filter was then fixed with ethanol and examined for cells after Papanicolau staining? Where results of millipore filtration and CSF tissue culture were compared, they were taken from the same CSF specimen.
For analysis of these results, the records of 122 patients were reviewed with special attention to site of tumor, operative procedure, biopsy or autopsy diagnosis, and findings on routine cytological examination. In 13 records, data were incomplete and these patients were excluded. The slides of the 109 patients for whom information was complete were reviewed and photographs were made of any cellular growth. These photographs were then examined to assess abundance and character of growth, nuclear pattern, and cellular morphology. At the time of review the investigator did not know the diagnosis of the patients under consideration.
To be classified as unequivocally malignant, growth had to fulfill at least four of the following seven criteria adapted from Barker and Sanford. 1 These criteria have been widely applied in the categorization of transformed and non-transformed cells and serve as a firm and stringent basis for classification in this study. In these cases, either quantitative (criteria 1 and 2) or morphological observations (criteria 3 through 7) were used for classification.
1. More than five cells per high-power field 2. Clusters of cells (more than three contiguous cells) 3. More than one nucleus per cell 4. Prominent nucleoli or more than three distinct nucleoli 5. Nuclear to cytoplasmic ratio greater than 0.5 (nuclear area greater than onehalf cell area) 6. Pleomorphic growth (widely variant cellular morphology in a given specimen) 7. Very basophilic cytoplasm.
Cells that did not clearly meet these criteria were classified as "doubtful" (less than four categories) and cells with none of them were called "benign." These terms were chosen to correspond with those used in cytological reports and to aid in comparing our results with cytological studies.
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Results
Patients with Neoplasms
Neoplasms with Diagnosis Confirmed by Biopsy or Autopsy. There were 35 central nervous system (CNS) neoplasms verified by pathological examination of biopsy or autopsy specimens in which CSF was submitted for culture. Of these, 33 specimens were from lumbar CSF, and two from ventricular CSF. Nineteen of the 35 showed cellular growth in CSF culture (Table 1 ). In eight it was possible to make the diagnosis of malignancy with the criteria developed above. Three of six primary astrocytomas had tissue-culture growth from the CSF; in two it was malignant ( Fig. 1) . The two astrocytoma cases with gliomatosis of the meninges produced growth that was classified as doubtful (Fig. 2) . In one of the astrocytomas followed over a prolonged period, cells were considered typical malignant astrocytes because of multiple branched processes (Fig. 1 ).
Cells were seen in CSF from nine of 16 primary CNS tumors other than astrocytomas. Three of six cases of medulloblastoma had abnormal cellularity; one was malignant by our criteria (Figs. 3 and 4) . Four of six primary reticulum cell sarcomas of the brain produced growth, two of which satisfied the criteria for malignancy (Fig. 5) . The small cells and heavy cellular growth of the medulloblastoma and reticulum cell sarcoma allowed differentiation from other intracranial malignancies (Figs. [2] [3] [4] [5] .
Among the metastatic diseases, both cases of meningeal carcinomatosis led to malignant growth, and two solid metastases produced either "malignant" or "doubtful" growth. In two confirmed metastatic tumors with meningeal spread, origin outside the CNS could be predicted (Fig. 6) . Two of seven miscellaneous CNS neoplasms had some "doubtful" cellularity.
Presumed Neoplasms without Biopsy or Autopsy Verification. There were 24 patients in whom neoplasia was suspected without biopsy or autopsy verification. None of five deep thalamic or brain-stem masses had malignant growth. Cases with presumed hemisphere primary sites had one doubtful, one positive, and four negatives. In two of three presumed reticulum cell sarcomas and two of four germinomas, however, the tissueculture growth in conjunction with cytological and radiological findings were characteristic enough to guide therapy without a biopsy.
Six patients had presumed meningeal carcinomatosis. In all of them the CSF culture revealed cells, and they were cytologically malignant in three. A striking finding in malignancies involving the meninges was the presence of darkstaining strands. These appeared in samples from three patients with medulloblastoma, three patients with presumed meningeal carcinomatosis, one patient with a presumed glioblastoma, and one patient with chronic meningitis; they were not found in any other patients. Their presence did not correlate with high CSF protein.
Patients Without Apparent Neoplasms
There were 50 specimens from patients in whom clinical and laboratory testing did not suggest any intracranial neoplasms. These were used to assess possible false positives in our criteria for malignancy. Table 3 presents their diagnoses.
In patients with inflammatory disease of meninges or brain tissue, lymphocytes or polymorphonuclear cells were sometimes found even after 3 days in tissue culture. By the cytological criteria above, no malignant cells were found.
Summary of Growth
In all, there were 59 cases in which neoplasia was diagnosed clinically. Cells were seen by our tissue methods in 29 of 59 (49%) C S F samples, and 19 of 35 (54%) pathologically confirmed tumors. Of the cells seen, 14 of 29 were malignant by our criteria. The presence of cellular growth was not correlated with the total cell count on routine laboratory cell counting (Table 2) . Tables 2 and 3 present a detailed comparisow of the results of tissue culture with those of standard millipore cytology. In nonneoplastic disorders which did not involve meningeal inflammation, there was some overlap with cells demonstrated only in one of the two techniques.
Comparison o f Tissue Culture with Millipore Cytology
Of the 35 verified neoplasms, there were 19 positive or doubtful results by tissue-culture study and 10 positive or doubtful results by millipore filtration. By our criteria, eight tissue-culture samples were confirmed as malignant, as opposed to six by cytology. In the doubtful category, only four cases were detected by millipore filtration, whereas 11 malignancies were suspected by tissue culture. By combining the techniques of tissue culture and millipore filtration a total of 10 cases were correctly diagnosed as malignant and nine were correctly suspected to be malignant. Of 24 unconfirmed neoplasms, 10 cases were diagnosed as malignant by a combination of tissue-culture and millipore filtration, and three diagnosed as "doubtful."
Discussion
Cytological Criteria for Malignancy in Cells .from CSF
The validity of the tissue-culture technique in the diagnosis of malignancy must depend in part upon developing criteria for cytological malignancy under these conditions. Our criteria were made deliberately conservative and rigid, based on characteristics of cells in tissue culture as they underwent transformation? They are adapted from traditional cytological criteria of abnormal nuclear detail, aggregation, and morphology. The equal weighting of any four of the seven criteria represents a conservative approach, as does using personnel not specifically trained in their application. Despite this, the diagnosis of malignancy appears very accurate. There were no false-positive results. Although it is likely that more lenient criteria would place more neoplasms in the malignant category, the danger of false positives seems a more important consideration than including as many neoplasms as possible. On the other hand, the finding that 19 of the 35 verified neoplasms had some cells by tissue-culture techniques, whereas 10 of 33 were detected by millipore techniques, suggests that the potential of tissue-culture diagnosis is considerable in the detection of CNS neoplasia. Once neoplasia is suspected, further CSF specimens can be obtained for study, and further diagnostic procedures, such as electron microscopy, can be performed if considered appropriate.
YieM of Malignant Cells from Particular Tumor Types
Kajikawa, et al., 3'4 and Sano, et al.? have reported the examination of CSF tissue cultures of brain-tumor patients. Their precise criteria for determining malignancy were not defined; however, Kajikawa found that 37% of gliomas and 40% of the metastatic tumors were positive; Sano reported that 46% of gliomas were positive. Neither compared tissue culture with the yield in standard cytology for these same neoplasms.
In our series, 23% of all intracranial neoplasms confirmed by biopsy were "positive" for malignancy with strict and explicit criteria. Malignancies involving CSF pathways had a higher yield of cells than those occurring intraparenchymally. As might be expected, for benign extradural tumors (acoustic neuromas, chordomas) there was no growth if there was no meningeal invasion.
Despite the low density of cells that exist in CSF, cultures can sometimes be successfully established. Wilson and Barker 12,1a demonstrated that CSF can be a satisfactory culture medium for some intracranial neoplasms. They used CSF for a medium to assess chemotherapeutic efficiency in the treatment of CNS malignancies? 4 This approach might be profitably employed with tumor explants 6 and also with cells from CSF obtained at lumbar puncture.
Neoplastic Cell Types. The small cells that grew from medulloblastomas were quite distinguishable from astrocytoma growth and from metastatic epithelial malignancies, but were not always definitely malignant by the criteria used here. This was also the case for reticulum cell sarcoma.
For other primary CNS neoplasms, such as astrocytomas, it was often difficult to make definite statements as to cell type. For neoplastic cells originating outside the CNS, cell type could sometimes be accurately defined. This was especially true in meningeal carcinomatosis (Fig. 6) .
Inflammatory versus Neoplastic Cells. Criteria for diagnosing monocytes and histiocytes in CSF culture have been described by Dommasch. 2 In our series, four of 38 "benign" noninflammatory disorders had some cellular growth, which was not cytologically malignant. As might be expected, inflammatory disorders had abundant "non-malignant" growth.
It is unclear whether persistence of cells for 3 days in inflammatory conditions is related to the large number of cells initially planted or whether there is a metabolic difference in white cells with inflammation that allows maintenance in culture. Our data with cells cultured from the buffy coat of serum indicate that there are fewer white cells at 3 days under these conditions than with meningitides; Kajikawa, et al., 4 have suggested, however, that at 7 days most normal CSF inhabitants can be excluded. A prospective study now in progress appears to confirm that the malignant cells thrive in the artificial medium while the inflammatory cells find the environment unsuitable for growth and thus deteriorate. However, both morphological criteria and persistence are required in the present study to make a firm diagnosis of malignancy.
Comparison with CSF Millipore Filtration
The tissue-culture technique described here is simple and inexpensive and requires less than 1 cc of fluid. It is competitive with millipore filtration and other standard cytological preparations. Its yield, even with conservative and explicit criteria for the diagnosis of malignancies, is also comparable with these methods. Additionally, cytological millipore filtration studies may obscure cytoplasmic organization and processes. Allowing the cells to grow out in culture permits process formation and development of characteristic astrocytic or other cellular configurations. Our own data (Tables 1 and 2) suggest that the two techniques of tissue culture and millipore filtration are complementary; some neoplasms missed by one may be detected by the other.
In making comparisons, however, it is important to emphasize that rather rigid explicit criteria employed by untrained observers in the case of cultured cells are being compared with the claim of experienced cytologists in the other. It is also important to note that no false-positive cells were found by these criteria, which is as important to us as increasing the yield by using less specific criteria. The total yield of cells was 60% in tissue culture as compared to 30% with millipore filtration, suggesting that gradual refinement of criteria might increase the yield of malignant cells. Moreover, in studying cultures at 3 days, the advantage of continued growth in culture may not yet have been fully realized; a study of dynamic as well as static properties such as aggregation and growth rates may be done over a long period. Finally, the use of electron microscopy 8 illustrates the type of detail obtainable from CSF tissue culture that could not be obtained by millipore filtration (Fig. 3) .
Use In Cases Where Biopsy Cannot Be Done
Culture of CSF samples can be useful in diagnosing lesions in which surgery is not possible for some reason. In our series, two patients with pineal region neoplasms and two patients with presumed reticulum cell sarcoma had their diagnoses established using this tissue-culture approach.
Summary
From these data it appears that the cytological criteria suggested here are useful indicators of tissue-culture malignancy for CSF specimens. They may add to the number of cases in which the presence of malignant cells is suspected, increase the number of cases in which clearly malignant cells can be identified, and determine in certain cases the precise origin of the malignant cells.
Culture of CSF tissue may therefore provide a useful foundation for studying neoplastic and non-neoplastic processes in the CSF. Furthermore, these techniques may help in therapeutic decisions where biopsy cannot be done. The possibility that tissueculture techniques will add to diagnostic capabilities, coupled with their ease and ready availability, make them potentially valuable as an adjunct to present methods of CSF examination.
